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ABSTRACT 

This is an evaluation of the effects of major IMU 
error sources on LM touchdown accuracy. Using 30 values of 
IMU misalignment, gyro drift, and accelerometer scale factor 
and bias, the RSS values yield dispersion ellipse semi-axes 
of . 3 7  n.m. downrange and .40 n.m. crossrange. With the 
effects of 87  minutes of free flight gyro drift included, 
the RSS values are .37 n.m. downrange and . 57  n.m. crossrange. 
With in-flight accelerometer bias calibration and 87 minutes 
of free flight gyro drift, the values become .11 n.m. downrange 
and .45 n.m. crossrange. These system errors are compatible 
with the present  l~f ia r  explora t ion  objective of landing within 
1 KM of the desired site. 
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MEMORANDUM FOR FILE 

This  memorandum p r e s e n t s  t h e  e f f e c t s  of t h e  major I M U  
error sources  on LM touchdown accuracy.  The t r a j e c t o  used i s  

Values used f o r  t h e  error sources w e r e  ob ta ined  from a 
p r e s e n t a t i o n  t o  t h e  Apollo Navigation Working Group (2) . 
t h e  modified two-phase t a r g e t i n g  scheme f o r  Mission G v ) . 

The e v a l u a t i o n  w a s  performed us ing  t h e  Bellcomm 
Powered F l i g h t  Performance Simulator  computer program ope ra t ed  
i n  t h e  s t a t i s t i c a l  mode. I n  t h i s  mode, t h e  nominal t r a j e c t o r y  
and a t r a j e c t o r y  per turbed  by a s i n g l e  e r r o r  source  are 
i n t e g r a t e d  s imultaneously.  S t a t e  vector d e v i a t i o n s  i n  p o s i t i o n  
and v e l o c i t y  are  c a l c u l a t e d  a s  a f u n c t i o n  of t i m e .  

The i n d i v i d u a l  e r r o r  sou rces  and t h e i r  magnitudes are 
p resen ted  below. The downrange and crossrange  touchdown 
d e v i a t i o n s  are based on IMU e r r o r  sou rces  on ly ,  wi th  no p o s i t i o n  
or  v e l o c i t y  errors a t  Powered Descent I n i t i a t i o n  ( P D I ) .  Using 
t h e  l a t e s t  r a d a r  n o i s e  d a t a  (5) a Monte-Carlo a n a l y s i s  
showed t h a t  when r a d a r  n o i s e  i s  superimposed on an I M U  e r r o r  
sou rce  case, t h e  s t anda rd  dev ia t ion  i s  about 20  f e e t  c ros s range  
and 1 2 5  f e e t  downrange. Since t h i s  is  n e g l i g i b l e  compared t o  
t h e  d e v i a t i o n  caused by major I M U  error sources ,  p e r f e c t  
radar w a s  s imula ted  when t h e  r a d a r  d a t a  acceptance c r i t e r i a  
w e r e  m e t .  I n  t h e  s imula t ion ,  once r a d a r  drop-out occur red ,  
d a t a  w a s  n o t  reacqui red .  

NO P O S I T I O N  OR VELOCITY ERRORS AT P D I  

Er ror  Source 
LM Touchdown Devia t ions  ( f t )  

_. 3 0  Downrange Crossrange 

I M U  I n i t i a l  Misalignment - x - +.057 deg. 0 + l o 0 2  
11 +8 0 0 Y IQ 

z I1 0 +5 6 
- 

I1 

Accelerometer Sca le  Fac tor  

x +300 ppm 0 
Y 11 0 

z I1 +317 

- 
- 
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Gyro Constant Drift 

-2- 

X - +.23 deg/hr. 0 
II I1 +50 - Y 

z 0 II II 

Accelerometer Bias 
x +.0006G 

Y 
z It II 

- +4 5 - 
0 

+2216 - 

+190 
0 

+44 
- 

0 
+2220 

0 
- 

The RSS values for 3a error sources are 2240 ft. (.37 n.m.) 
downrange and 2444 ft. (.40 n.m.) crossrange. 

With I M U  alignment 87 minutes prior to PDI, as 
currently planned, ana a gyro free-fiignt drift rate of .09 
deg/hr., there will be a gyro induced misalignment of ,130 deg 
at PDI. The cumulative effects of free flight and powered flight 
gyro drift then are: 

Gyro Constant Drift 
(free flight and powered flight) 

Downrange (ft) Crossrange (ft.) 
- 

X 0 +2475 

Y +232 - 
Z 0 

0 
+172 
- 

The RSS values under these conditions are .37 n.m. 
downrange and .57 n.m. crossrange. 

Post-flight data on the I M u  shows that with the 
planned G mission in-flight accelerometer bias calibration, a 
more re stic 3a capability estimate is .00015 G instead of 

deviation is .11 n.m. and crossrange is .45 n.m. with in-flight 
accelerometer bias calibration and 87 minutes of gyro free 
flight drift. 

.0006 G ?sf . When this value is used, the RSS 3a downrange 

In summary, systems errors are compatible with the 
present lunar exploration objective of landing within 1 KM of 
the desired site. They are the minor contributor to the 
current 3 a  5.1 by 1.3 n.m. (semi-axis) dispersion ellipse due 
to navigation and performance errors. (4) 

2014-FL-mbr F. LaPiana 
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